Drosophila melanogaster DNA has been cloned which encompasses the major part of the 20-OHecdysone inducible puff 74EF. One 20-OH-ecdysone responsive transcription unit was detected which gives rise to two alternative transcripts. The expression of one transcript in salivary glands of 3rd instar larvae is correlated with the 20-OH-ecdysone induced activity of puff 74EF. Corresponding cDNA analysis indicates that the two transcripts are translated into two different proteins which have alternative amino terminal ends. The carboxy terminal domain of the 74E proteins is similar to the carboxy terminal sequences of ett-oncoproteins suggesting that the 74E proteins represent alternative transcription factors. It is proposed that the activity of the 20-OH-ecdysone inducible puff 74EF leads to a switch in the synthesis of a transcription factor. [1] . A sharp rise in the 20-OH-ecdysone titre at the end of the development of 3rd instar larvae is correlated with the onset of pupariation. The increase in ecdysteroid hormone titre is responsible for the developmental control of gene expression which is also manifest in a 20-OH-ecdysone dependent puffing activity, visible on the polytene chromosomes in salivary glands of 3rd instar larvae [2] . In vitro this puffing activity can be reproduced by culturing puff stage 1 salivary glands in the presence of 20-OH-ecdysone [3] . This results (i) in the regression of intermolt puffs (e.g. at 68C), (ii) in the rapid induction of early puffs (e.g. at 74EF and 75B), and (iii) in the delayed induction of late puffs (e.g. at 78D) [4] . Products of genes expressed in early puffs under the control of 20-OH-ccdysone are necessary for the activation of late puffs [5] . Also, the gene expression in early puffs is apparently autoregulated as shown by studies with Drosophila mutants aneuploid for the chromosomal region containing the 74EF and 75B loci [6] . A combination of affinity labeling experiments with indirect immunofluorescence microscopy has demonstrated that ecdysteroid binds in vivo and in vitro to active puffs [7, 8] , probably via a 20-OH-ecdysone receptor complex [9] .
INTRODUCTION

20-OH-ecdysone is one of the key hormones in the ontogenesis of Drosophila melanogaster
. A sharp rise in the 20-OH-ecdysone titre at the end of the development of 3rd instar larvae is correlated with the onset of pupariation. The increase in ecdysteroid hormone titre is responsible for the developmental control of gene expression which is also manifest in a 20-OH-ecdysone dependent puffing activity, visible on the polytene chromosomes in salivary glands of 3rd instar larvae [2] . In vitro this puffing activity can be reproduced by culturing puff stage 1 salivary glands in the presence of 20-OH-ecdysone [3] . This results (i) in the regression of intermolt puffs (e.g. at 68C), (ii) in the rapid induction of early puffs (e.g. at 74EF and 75B), and (iii) in the delayed induction of late puffs (e.g. at 78D) [4] . Products of genes expressed in early puffs under the control of 20-OH-ccdysone are necessary for the activation of late puffs [5] . Also, the gene expression in early puffs is apparently autoregulated as shown by studies with Drosophila mutants aneuploid for the chromosomal region containing the 74EF and 75B loci [6] . A combination of affinity labeling experiments with indirect immunofluorescence microscopy has demonstrated that ecdysteroid binds in vivo and in vitro to active puffs [7, 8] , probably via a 20-OH-ecdysone receptor complex [9] .
It has been proposed that early puffs are induced by binding 20-OH-ecdysone-receptor complex and that this binding activates gene expression in early puffs [6] . Recently, a more elaborate hypothesis has been put forward which predicted that the products of 20-OHecdysone inducible genes in puffs 74EF and/or 75B are transcription factors [10] . These transcription factors would regulate in conjunction with the 20-OH-ecdysone receptor complex the transient puffing activity during the metamorphosis of 3rd instar larvae to pupae. This report describes the isolation of 123 kb genomic Drosophila melanogaster DNA corresponding to that region on the third chromosome where the 74EF puff is induced by 20-OH-ecdysone. A cDNA has been characterized which is derived from a 20-OHecdysone regulated transcription unit localized in the cloned 74EF DNA. The deduced protein sequence contains a domain which is similar in sequence to e/s-oncoproteins. We suggest that in the early puff at 74EF 20-OH-ecdysone regulates the expression of a transcription factor gene.
MATERIALS AND METHODS
Libraries
Two Drosophila melanogaster genomic DNA libraries were used: one was constructed with sheared CantonS DNA (kindly provided by Maniatis et al. [11] ), the other with OregonR DNA partially digested with Sau3AI and inserted into the BamHI site of EMBL4 [ 12] . This library was made available to us by H. Jaeckle (Tubingen, FRG). For the isolation of cDNA two Drosophila melanogaster cDNA libraries were screened: one consisted of oligo(dT)-primed 1 -2d old OregonR pupa cDNA inserted into lambda gtlO, the other of oligo(dT)-primed adult strain Berlin head cDNA inserted into lambda gtll. cDNA libraries were a gift of T. Kornberg (San Francisco, USA) and E. Buchner (Wurzburg, FRG), respectively. Libraries were screened according to Benton and Davis [13] . Cloning of DNA DNA was manipulated according to Maniatis et al. [14] using ER1 host-vector systems under LI containment conditions, as defined in the guidelines of the Federal German Government for recombinant DNA research. pAT153, M13mp8, M13mplO and pBluescript KS + or SK + (Stratagene) were used as vectors for subcloning. Radioactive labeling of DNA For in situ hybridizations, DNA probes were labeled with 3 H-dCTP by nick-translation [15] . For plaque hybridizations, DNA probes were labeled with 32 P-dCTP by nicktranslation or by oligonucleotide primed DNA synthesis [16] . For Northern hybridizations, probes were labeled by the latter method. Isolation ofRNA Drosophila melanogaster OregonR puff stage 1 larvae were dissected and their salivary glands incubated in vitro according to Ashburner [3] . RNA prepared from those salivary glands was a gift of G. Feigl (Bochum, FRG). Drosophila melanogaster OregonR RNA of different developmental stages was isolated by the guanidinium-isothiocyanate method and poly(A) + -RNA was prepared by oligo(dT)-cellulose chromatography [14] . Northern blots 12/ig of salivary gland RNA or 4;tg of poly (A) + -RNA of different developmental stages were electrophoretically separated in 1% agarose gels in 2.2 M formaldehyde, 50 mM 3-[N-morpholino]propanesulfonic acid pH 7.0 and 1 mM EDTA [17] . The RNA was transferred to nylon membrane (Nytran, Schleicher and Schuell, or Biodyne B, Pall) by overnight diffusion-blotting with 20xSSC. The RNA was fixed to the nylon membrane by baking for 2h at 80°C. Hybridization procedures In situ hybridization of 3 H-labeled DNA to polytene chromosomes of Drosophila melanogaster has been described previously [18] . Northern blots were prehybridized in 50% formamide, 750 mM NaCl, 150 mM Tris/HCl pH 7.9, 5 mM EDTA, 0.1% SDS, SxDenhardt's solution and 0.1 me/ml denatured salmon sperm DNA for 2h at 42°C. Hybridization took place under the same conditions for 24-36h with 32 P-labeled DNA probes. Blots were washed in 1X SSC, 0.1% SDS followed by several washes in 0.1 xSSC, 0.1% SDS at 65 °C before autoradiography. DNA-Sequencing DNA was sequenced by the dideoxynucleotide chain-termination method [19] employing 35 S-dATP and using the Sequenase Kit (United States Biochemical) or the T7 Sequencing Kit (Pharmacia). Subclones for sequencing were generated either by cloning of restriction fragments or by constructing DNasel deletion subclones [20] . RESULTS Previously, we had isolated 24 kb of Drosophila melanogaster DNA which hybridized in situ to locus 74F [21] . This DNA was used as a starting point for the chromosomal walk summarized in Fig. 1A . 123 kb of Drosophila melanogaster genomic DNA was isolated either from an OregonR (MOT6,8,10,12,13 and JOT6) or a CantonS genomic library (MOT11 and JOT2,3,4,5). Some restriction site polymorphisms have been detected between the cloned OregonR and CantonS DNA (Fig. 1A) . The boundaries as well as the orientation of the chromosomal walk with respect to the centromere were delimited by in situ hybridization experiments. H-labeled JOT6 DNA to the distal end of the puff at 74EF. Thus, the chromosomal walk encompassed the major part of the DNA in the puff at 74EF.
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Exploratory Northern blot experiments were carried out by systematically hybridizing cloned 74EF DNA to RNA extracted from salivary glands of 3rd instar larvae incubated for 2 to 6h with or without 20-OH-ecdysone in tissue culture medium. A number of transcripts were detected and were analyzed by characterizing corresponding cDNA (data not shown) [22] . However, only one transcript was detected, the synthesis of which was apparently regulated by 20-OH-ecdysone. This transcript was derived from DNA cloned in JOT5. Since this DNA is located in the distal part of the 74EF puff, the locus 74E harbors the corresponding transcription unit. Transcript(s) derived from this transcription unit have been designated 20-OH-ecdysone inducible 74E transcripts.
Two corresponding cDNA clones, 74E/1 and 74E/2, were isolated from an adult head and an 1 -2d old pupa cDNA library, respectively. Both sequences overlap by 3069 bp. The combined cDNA sequence is 4108 bp long (Fig. 2) . It contains three polyadenylation signals (AATAAA [23] ) followed by nine adenine nucleotides at the 3'-end which are not present in the corresponding genomic DNA sequence. Thus, the 3'-end of the cDNA sequence shown in Fig. 2 should be the 3'-terminus of the 74E transcript. The longest open reading frame derived from the cDNA sequence started at the second nucleotide. We did not succeed in isolating further cDNA molecules extending the 5'-sequence of the cDNA. Therefore, genomic DNA was isolated and sequenced which extended the cDNA sequence (Fig. 2) . 167 nucleotides upstream of the first cDNA nucleotide an in frame ATG is present in the genomic DNA which matches the Drosophila start consensus sequence (C/A)AA(A/C)ATG [24] . 36 nucleotides in front of this ATG is located an in frame stop codon. Accordingly, the 74E open reading frame would be 2649 nucleotides long as shown in Fig. 2 . The proposed amino acid sequence of the 74E protein is composed of 883 amino acids with a calculated molecular weight of 94.8 kDa. The protein can be divided into three domains: an acidic amino terminus (amino acids 1 -280), a middle domain rich in Gin, Ala, and Ser as a consequence of opa elements [25] , and a basic carboxy terminus (amino acids 760-883). Only 17 of the 69 basic amino acids, but 50 of the 80 acidic amino acids occuring in 74E protein are located in the amino terminal domain. Viceversa, 28 of the 69 basic amino acids, but only 14 acidic amino acids are located in the carboxy terminal domain. The sequence encompassing amino acids 784-869 of the carboxy terminal domain is similar to the carboxy terminal sequences of ett-oncoproteins (Fig. 3) . 43 or 45 amino acids of this sequence (50-52%) are found at identical positions in the sequences of erythroblastosis virus E26 v-ets protein [26] and of Drosophila D-ets-2 protein [27] , respectively. If one allows for conservative amino acid substitutions [28] , the similarity between the sequence of 74E protein and ett-oncoproteins increases to 67%.
Comparison of the cDNA sequence with the corresponding genomic DNA sequence revealed 11 nucleotide differences outside the cDNA's open reading frame. Two base pair substitutions were detected in the coding region, but only one of them (G versus T at nucleotide 2601) would alter the gjerived 74E amino acids sequence by replacing His 867 by Gin. The sequence differences are most likely explained by the use of different Drosophila stocks in the construction of genomic and cDNA libraries. The alignment of cDNA with the genomic DNA sequence showed 3 points of non-colinearity, indicative of 3 intervening sequences in the primary 74E transcript (Fig. 4A) . The splice junctions for these intervening sequences are located at positions +1039, +1408, and +1663. The exon/intron boundaries conform to the consensus sequences of Drosophila splice sites (Fig.  4B) [29] .
Expression of 74E transcripts
The developmental profile of 74E mRNA expression was studied by Northern blot experiments. A BamHI/Bglll fragment of cDNA 74E/1 containing exon 4 sequences was used as hybridization probe. It hybridized to two transcripts, approximately 5.0 and 6.2 kb long (Fig. 5A) . Although each lane in the Northern blot experiment in Fig. 5A did not contain the same quantity of poly(A) + -RNA as indicated by the control hybridization with /31-tubulin cDNA [30] , it is obvious that both 74E transcripts are predominantly present in late 3rd instar larvae and in early pupae.
Small amounts of the 5.0 kb transcript were also present in 12-18h embryos, early 2nd instar larvae, and late pupae whereas small amounts of the 5.0 kb and the 6.2 kb transcript were detected in 18-24h embryos and late 2nd instar larvae. Corresponding faint bands were visible in the original autoradiographic exposure in the lanes containing poly(A) + -RNA of these developmental stages. The results shown in Fig. 5A indicate that the 5.0 kb transcript is synthesized ahead of the 6.2 kb transcript during 3rd larval instar development. This suggests that the expression of both 74E transcripts is regulated differently.
The possibility that the appearance of one or both 74E transcripts in 3rd instar larvae might be correlated with a corresponding peak of ecdysteroid titre in larval development [31] was investigated by studying in vitro the effect of 20-OH-ecdysone on 74E mRNA expression. For this purpose, salivary glands corresponding to puff stage 1 were dissected from 3rd instar larvae and were explanted in tissue culture medium. Incubations were carried out for 2 or 6h at 25°C in the presence of 5xlO" 6 M 20-OH-ecdysone. Control incubations were carried out without added 20-OH-ecdysone. Subsequently, 74E mRNA expression was analyzed by Northern blot experiments with total RNA isolated from the salivary glands (Fig. 5B) . Apparently, the non-specific background on the resultant autoradiogram was caused by rRNA and/or RNA present in the total RNA preparations, which was not isolated with the poly(A) + -RNA used in the developmental Northern blot experiments in Fig. 5A . Evidently, the synthesis of the 5.0 kb transcript is not influenced by 20-OH-ecdysone. The amount of the 5.0 kb transcript decreased in salivary glands which were incubated with or without 20-OH-ecdysone. On the other hand, the synthesis of the 6.2 kb transcript is regulated by 20-OH-ecdysone. The amount of the 6.2 kb transcript increases in salivary glands upon incubation with 20-OH-ecdysone. Incubations of 2h apparently induced larger quantities of the 6.2 kb transcript than incubations of 6h. This suggests that the expression of the 6.2 kb transcript is transiently induced by 20-OHecdysone in explanted salivary glands. This transient increase follows closely the activity of the 74EF puff which is rapidly induced by 20-OH-ecdysone, reaches a maximal size at about 2-4h and then regresses.
DISCUSSION
We have analyzed the structure of 74E cDNA. It was used to study the expression of two 74E transcripts in the 20-OH-ecdysone regulated puff 74EF in salivary glands of Drosophila melanogaster 3rd instar larvae. As probes corresponding to the first exon of 74E cDNA hybridized only to 5.0 kb mRNA in Northern blot experiments (data not shown) the isolated 74E cDNA is derived from the 5.0 kb transcript. The structure of an alternative 74E cDNA has been described which corresponds to the 6.2 kb transcript [32] . It shares with our cDNA sequence exons 2-4 but disposes of alternative exons at its 5'-end. Thus, the two 74E transcripts have different exon compositions which could be generated by transcription from two different promoters and/or by alternative splicing mechanisms. The different exon compositions give rise to two alternative reading frames of which proteins are deduced with different amino terminal domains. The deduced proteins have in common most of the middle and the carboxy terminal domain.
The 5.0 kb transcript is already present in salivary glands of puff stage 1, i.e. before the puff 74EF is active. This transcript is not 20-OH-ecdysone inducible in explanted salivary glands. On the contrary, the 5.0 kb transcript disappears upon incubations of salivary glands in vitro. However, the synthesis (amount) of the 6.2 kb transcript transiently increases in explanted salivary glands in the presence of 20-OH-ecdysone (Fig. 5B) . This transient increase correlates with the transient activity of puff 74EF induced by 20-OH-ecdysone. Therefore, we propose that the primary result of 20-OH-ecdysone regulated 74EF puff activity would be a decrease in the synthesis of the 5.0 kb transcript concomitant with an increase in the synthesis of the 6.2 kb transcript. A corollary of these observations is that 20-OH-ecdysone does not activate together with the 74EF puff the expression of a hitherto silent gene, but induces the synthesis of an alternative transcript and hence of an alternative gene product.
The common carboxy terminal domain of the 74E gene products is similar to the carboxy terminal sequences of ets-oncoproteins (Fig. 3) . ete-oncoproteins are nuclear proteins [33, 34] and may bind to DNA [35] . Together with our previous proposition that 20-OH-ecdysone inducible gene(s) of puff 74EF encode transcription factor(s) [10] , these observations suggest that 74E gene product(s) function as transcription factor(s). Then, the 20-OH-ecdysone induced puff activity at 74EF would lead to a transcription factor switch. Such a switch would have important implications for models to understand the time-dependent sequence of puffing activities controlled by gene products of early puffs. They autoregulate their own expression as well as stimulate the activity of late puffs [6, 10] . This functional duality could be accomplished easily by the synthesis of alternative transcription factors. Firstly, they would compete with existing ones for the same DNA binding sites and secondly, they would interact with other, i.e. different transcription factors. Both mechanisms might be the molecular basis for the time-dependent sequence of gene activities seen during the development of 3rd instar larvae into pupae.
